This work involves the evaluation of dry port competitiveness through analysis of efficiencies for selected dry ports in Africa. Five dry ports were selected and analysis carried out over a period of four years. The dry ports considered were Mojo and Kality in Ethiopia, Mombasa in Kenya, Isaka in Tanzania and Casablanca in Casablanca, Morocco. Data Envelopment Analysis (DEA) was applied for this work. Container throughputs for the various ports under consideration were used as the output variable for the data analysis model, while the number of reach stackers, the number of tractors, the number of forklifts and the size of the dry port were used as the input variables. From the results, the Mombasa dry port was found to be the most efficient with an average score of approximately 1 over the period under consideration. Casablanca was the second efficient dry port with an average score of 0.762, while Isaka was the least efficient with an average score of 0.142. This research is significant since the African countries have embraced the dry port concept, as witnessed in the huge investments in this sector, and would serve to highlight areas that need improvement for the few existing dry port facilities, most of which are undergoing expansion as well as modernization.
Introduction
It is usually essential to evaluate the efficiency of any institution so as to establish any sources of inefficiencies. This is useful as a first step in putting measures to ensure improved efficiency in operations in an organization. For any type of or-ganization, how efficient the organization is vital if the particular organization is to remain competitive in service delivery against similar institutions. Benchmarking against existing similar organizations might also be necessary to identify potential areas of improvement. In the seaports, different models have been used to evaluate the efficiency of ports in different regions based on similar factors. One of the most commonly used models is the Data Envelopment Analysis (DEA). This model is used in this chapter to evaluate the efficiency of selected dry ports in Africa. It is worth noting that although the dry port concept has been taken up and applied widely in Europe and Asia, on the contrary, it is still in the uptake stages in most African countries. In fact, most of the dry port development projects are either in the planning stages, for instance the construction of dry ports in Togo to serve port of Lome and the Dosso dry port in Niger which is under construction [1] . The Kaduna dry port in Nigeria is an example of one of the dry ports that have been completed but still in the infancy phases of operation [2] . Other dry ports are planned to be constructed in different transport corridors in West Africa. This notwithstanding, there are a few operational dry ports in the continent. Examples are the Modjo and Kalitydry ports in Ethiopia [3] , Mombasa dry port in Kenya [4] , Isaka dry port in Tanzania and Casablanca dry port in Morocco [5] . Most of these dry ports are as a result of upgrading of existing Inland Container Depot, for instance the dry port of Mombasa in Kenya. In this paper, the efficiencies of above operational dry ports are calculated using DEA model. The paper has the following sections: Literature review, which deals with the previous researches that have applied the DEA model; methodology, which introduces the mathematical formulation of the DEA model;
Analysis of the DEA results, which presents the DEA results and provides a discussion on the same and finally the conclusion section.
Literature Review
DEA is an established statistical technique which measures the relative efficiencies of units where simple efficiency measures are difficult to obtain [6] . The main attraction to DEA is that it can deal with multiple inputs and outputs. The units in any assessment by the DEA model must generally be homogeneous and independent performing the same function. It is a powerful technique especially where there are large numbers of units providing a similar service in relative isolation [7] . The DEA model was first developed as a way of evaluating service units by Charnes et al. [8] , based on linking the estimation of technical efficiency and production frontiers [6] .
Different variations of the DEA technique have been used to evaluate port efficiency in by numerous researchers. The main attractiveness of DEA is that multiple inputs and outputs can be added to the model, and therefore has the capability of providing an overall evaluation of port performance [9] . Martnez et al. [10] examined the efficiency of 26 Spanish port using DEA-BCC models.
They found out that highly complex ports are associated with relatively higher It was noted that economic benefits could be identified and evaluated from such a benchmarking study.
Min and Park [15] used DEA window analysis model to evaluate variation in for 11 container terminals over a period of 4 years. The number of port workers, total quay length, storage size and the number of cranes were used as the input measures, while cargo throughput was used as the output. Similarly, [16] Although less work has been carried out on the dry ports (Inland ports) compared to the sea ports, there exists some relevant works on dry ports development and evaluation of efficiency. Judit et al. [17] carried out a study to assess Ethiopia in relation to the intermodal transportation system. The efficiency measurements of a dry port take simultaneously into consideration such aspects as container security, along with annual container throughput. Hercules, et al. [18] applied data envelopment analysis (DEA) technique to analyze the efficiency of the dry ports located in the JNPT region of India. One of their main conclusions is that capital investment is essential for implementing container security. In this paper, this invaluable decision making model is used to determine the efficiency of selected dry ports in Africa. This analysis will be performed over a period of four years based on a range of inputs and with container throughput as the model output. It will serve as a basis for efficiency evaluation as more dry ports are either constructed or upgraded in different countries to meet the logistical demands of the African continent.
Methodology
This DEA model is a non-parametric method based on application of linear programming for measuring the efficiency of units, referred to Decision-Making Units (DMUs). An input-oriented DEA model, known today as DEA-CCR that assumes constant returns-to-scale was developed by [8] . The DEA-BCC model proposed by Baker et al. [19] assumes variable returns-to-scale. These two approaches of the DEA model have been widely applied to calculate the efficiencies in different sectors of economy. In this paper, the input-based productivity efficiencies of selected dry ports will be investigated. The principle of this non-parametric approach is based on two important sets of multiple variables called inputs and outputs, which are used to derive an efficiency score adjusted to a number less than or equal to 1, but greater than or equal to 0. The formulation of the relative efficiency of a DMU was proposed by [8] as shown below: [20] . An important advantage of window analysis is that its increases the number of units for evaluation and in effect the discriminatory power of the method [21] . In applying window analysis, DEA first evaluates the performance of all DMU's in the same window and the efficiency of each DMU will be entered into the right window position in the table. This procedure is repeated to obtain all efficiency values in every window [22] .
Analysis of DEA Results
The efficiencies of five (5) dry ports in Africa are calculated using the windows analysis approach of the DEA. The selected dry ports are; the Mojo and Kality dry ports in Ethiopia, Mombasa dry port in Kenya, Casablanca dry port in Morocco and the Isaka dry port in Shinyanga area of Tanzania. The choice of input and output variables is very important in the model construction [23] and since the input-output approach is chosen for this work, it is important to define the measures to be used as the inputs and outputs. The inputs are: number of reach stackers, number of forklifts, number of tractors and the total dry port area in square meters. The output measure will be the container throughput in TEUs per annum and the analysis is carried out over a period of four (4) years. The DEA window analysis is used since it can allow the computation of dry port efficiencies over the period being considered in this work [23] . The choice of the five (5) dry ports was majorly based on the capacity of the said dry ports and also availability of the dry port data. Ethiopia is one of the landlocked countries in Africa is mainly served by the Djibouti sea port and has embraced the dry port Mombasa [25] . Casablanca dry port in Morocco is located in city of Casablanca and serves the sea port of Casablanca, which is the largest sea port in Morocco. Table 1 shows the tabulation of the model variables for the five (5) dry ports in the period between years 2014 and 2017. Table 2 shows the statistics of the variables for the year 2017. Although the model computes similar statistics for all the years under consideration, the results shows that there was no much variation in the input variables, while the container throughput increased gradually. This can be attributed to the increased trade in these African countries, especially with China. This could be one source of inefficiency in most of the dry ports considered, since there is almost stagnated increase in input variables. It is worth noting that major projects on port and dry port development are ongoing across the African continent and this is expected to considerably improve the dry port efficiency. Table 3 shows a correlation analysis for the year 2017. From the table, it can be seen that there a great relationship between the container throughput, which is the model output, number of reach stackers and the number of tractors. This presents an opportunity that can be exploited to improve the efficiencies of the dry ports. Table 4 shows the results for the analysis and averages for all the dry ports considered over the four (4) Table 5 shows the ranking of the dry ports from the analysis which ranks
Mombasa dry port as the most efficient among the dry ports considered, followed by the Casablanca dry ports. Isaka dry port is the least efficient as per this analysis. Figure 2 shows the port efficiency variation per term. From this, it can be seen that there is very little variation of efficiencies for the individual ports over the period considered. 
Conclusion
This work considered five (5) dry ports in Africa over a period of four (4) years.
The efficiencies of the dry ports were modeled using DEA window analysis using for all the dry ports over the period considered in this work. This could indicate that little attention has been given to the dry ports, although most of them are in the process of modernization. From the analysis, Mombasa dry port was found to be the most efficient amongst the dry ports considered, maintaining an average score of 1. Dry ports of Casablanca were ranked second with an average score of 0.762, while Mojo, Kality and Isaka followed in that order with average scores of 0.595, 0.164 and 0.142 respectively. This research serves as a basis for more investigation in the dry port sector in Africa, one potential area that could be investigated in the relationship between sea port modernization and dry port efficiency. There is also room to increase the number of dry ports and variables and examine how the efficiencies will be affected.
